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ABSTRACT 

The  hazards  associated  with  tritium  and  ^?Pm  activated  luminous 
devices  are  considered.  The  primary  hazard  of  tritium  is  due  to  the 
amount  of  tritium  oxide  which  may  be  present.  Eleven  capsules  were 
investigated  for  initial  tritium  purity  and  also  for  the  amount  of 
oxide  that  may  be  released  in  the  event  of  an  accidental  breakage  in 
room  air.  It  was  found  that  as  much  as  30^  of  the  activity  may  be  in 
the  oxide  form.  The  primary  hazard  of  ^7 Pm  is  that  of  ingestion  and 
the  resulting  dose  to  the  LLI.  An  exam! nation  of  a  reasonable  hypothe¬ 
tical  radiological  accident  indicated  that  a  dose  exceeding  5  times 
the  maximum  permissible  intake  could  be  received  from  either  a  tritium 
or  a  luminous  capsule. 
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I.  INTRODUCTION* 


The  hazards  associated  with  radioactive  luminous  devices  depend, 
in  general,  on  the  particular  isotope,  the  activity  per  devic^’^ 

and  the  method  of  fabrication.  As  late  as  1958,  according  to  a  survey 

l 

published  in  Nucleonics,  as  many  as  11  installations  in  New  York 
state  were  using  radium  as  the  activator  of  phosphors  in  luminous  dials. 
Tritium  was  the  only  other  radioactive  isotope  reported  as  being  used 
in  the  New  York  luminising  industry  at  that  time. 

During  1963  and  I96I  a  survey  was  made  ef  the  working  conditions 
and  environmental  contamination  in  luminising  establishments  in  the 
United  Kingdom.  Vennart,  ^  in  discussing  this  survey,  reported  that 
seventy- five  (75)  people  from  some  23  establishments  utilizing  radium 
were  measured  for  body  radioactivity.  The  survey  Indicated  that  about 
Uoi  (30  people  out  of  75)  had  radium  contents  between  0.01  and  0.09 
nCi  (i.e.  between  10$  and  90$  of  mpbb)  and  two  contained  0.1  p.Ci  or 
more.  He  reports  that  the  use  of  tritium  in  the  luminising  industry 
was  begun  about  1963,  and  stated  that  during  1963-1965  measurements  of 
the  tritium  in  the  urine  of  workers  frequently  indicated  contents 
greater  than  the  mpbb  (mpbb  ~  2  mCi  of  tritium),  sometimes  two  or  three 
times  the  mpbb.  He  also  reported  that  at  least  two  factories  abandoned 
tritium  and  returned  to  using  radium  because  of  the  objections  of  the 
workers  to  submitting  urine  samples.  Vennart  presented  a  strong  case 
for  the  continued  us  f  of  radium  because  of  the  relative  ease  of 
biological  monitoring. 

The  problems  associated  with  radium  activated  luminous  devices  are 

g 

well  known.  The  U. S.  Army  has  essentially  banned  further  use  of 
luminous  devices  activated  by  radium  paints,  mainly  because  of  tne 
problems  of  leakage  and  contamination  and  radiation  damage  to  the 
phosphor  at  high  luminosity  levels.  Major  problems  have  also  been 

+  Portions  of  this  report  were  presented  at  the  1968  Health  Physics 
Society  Annual  Meeting,  Denver,  Colorado,  June  18,  1968. 

*  Superscript  numbers  denote  references  which  may  be  found  on  page  37  • 


•ncountered  in  the  use  of  tritiated  luminous  paints;  experience  has 
shewn  tha\  in  general,  tritium  is  not  incorporated  in  a  chemically 
inert  fom  in  optically  useful  plastics  such  as  polystyrene.  ^  At  the 
present,  great  emphasis  is  being  given  to  the  use  of  tritium  in  the 
gaseous  fore  as  an  activator  of  phosphors  in  heat- sealed  glass  type 
luminous  devices.  In  addition  to  gaseous  tritium,  one  new  has  a  choice 
of  at  least  a  half  dosen  different  radioactive  isotopes  as  the 
activator  for  self-luminous  devices  and  at  least  as  many  different 
variations  in  the  method  of  fabrication.  This  present  investigation 
Is  concerned  only  vith  evaluating  the  hazards  presented  by  tritium 
(gaseous)  and  promethium  (^Pm)  as  phosphor  activators.  Further, 
our  main  concern  is  for  the  user  personnel,  rather  than  for  the 
lumlnlsing  workers. 

Luminous  capsules  manufactured  by  different  processes  have  been 
evaluated  for  potential  inhalation  and  akin  absorption  hazards  in  the 
case  of  tritium,  and  ingestion  hazards  in  the  case  of  ^Rn.  A 
photograph  of  some  typical  devices  is  shown  in  Figure  1.  Although 
the  tritium  gas,  when  Beaded  in  a  capsule,  may  be  of  high  purity, 
oxidation  may  occur  between  the  gas  and  the  phosphor  or  other  Inpurities 
in  the  capsule.  Quantitative  evaluation  of  the  amount  of  tritium 
oxide  present  is  essential.  Osborne.^  has  shewn  that  tritium  oxide 
is  readily  taken  into  the  body  through  the  lungs  and  skin-  The 
oxide  is  considered  100  to  1000  times  more  hazardous  than  the  gaseous 
^Hg. ®  In  addition  to  the  HPO  (H^HD)  which  initially  may  be  present 
inside  the  capsule,  catalytic  contaminants  may  be  present  external,  to 
the  capsule  which  could  4-n  the  event  of  accidential  breakage  lead  to  & 
significant  conversion  of  tritium  gas  to  HTO  under  "normal"  atmospheric 
conditions. 

Eleven  tritium  gas  activated  luminous  capsules  (glass)  were 
broken  in  a  reaction  test  chamber  and  the  reaction  products  analyzed 
for  tritium  oxide.  Test  chamber  conditions  during  5  of  the  reactions 
simulated  the  conditions  one  might  encounter  in  the  event  of  an 
accidental  breakage  in  the  field. 
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The  relative  ingestion  hazards  between  radioactive  luminous 

devices  Manufactured  by  two  different  processes  were  also  investigated. 

In  this  case  the  investigation  simulated  the  maximum  hazard  which  might 
occur  if  the  device  were  crushed  and  invested. 

Routine  leakage  studies  were  also  made  on  172  luminous  devices, 
representing  both  3h  and  ^Pn.  These  studies  were  directed  mainly 
toward  evaluating  the  contamination  problems  to  be  expected. 

II.  TRITIUM 

A.  Discussion  of  Hazards 

The  hazards  presented  by  the  use  of  tritium  gas  in  luminous  glass 
capsules  depend,  very  strongly  in  the  event  of  tritium  release,  on  the 
fraction  of  the  total  activity  which  must  be  considered  as  tritium 
oxide.  The  immediate  presence  of  tritium  oxide  is  of  primary  importance 
because  of  its  almost  complete  absorption  if  inhaled  and  almost  equal 
intake  through  the  skinJ  In  addition,  because  of  its  greater  molecular 
weight,  (  mt  22)  the  relatively  heavy  triti  um  oxide  will  mix  quite  well 
with  air  (m.w.  t*  28)  and  thus  will  be  removed  only  as  the  normal  air  is 
circulated.  On  the  other  hand,  gaseous  tritium  would  readily  diffuse 
upward  and  away  from  user  personnel  under  normal  conditions.  In  fact 
the  radiation  safety  personnel  for  operation  HENRE  9  stated  that 
"due  to  its  preponderant  tendency  to  diffuse  upward  in  free  air,  large 
releases  of  tritium  (up  to  1000  curies/hr)  at  any  significant  al  itude 
(>  100  ft)  would  not  give  rise  to  ground-level  concentrations  above  the 

O  ' 

MPCa  for  tritium".  The  Radiological  Health  Handbook  gives  the  MPC& 
as  2  X  10* 5  nCi/cc  for  ^Hg  0  and  the  MPCa  as  2  X  10*  ^  p,Ci/cc  for  ^Hg. 

The  release  of  tritium  at  ground  level,  or  ir.  a  building,  would 
not  necessarily  result  in  immediate  dilution  due  to  diffusion.  For 
exanqple,  in  a  study  at  Los  Alamos  it  was  found  that  the  motion  of 
tritium  inside  a  closed  building  was  controlled  primarily  by  turbulent 
air  currents,  and  was  therefore  quite  unpredictable.  For  these 
reasons,  knowledge  of  the  fraction  of  the  total  activity  which  must 
be  considered  aB  tritium  oxide  is  essential.  In  gaseous  tritium 
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activated  luminous  devices  fabricated  from  glass,  tritium  oxide  (HIO 
or  TgO)  may  be  formed  by  the  presence  of  possible  catalysts  in  the 
phosphor  since  the  gas  must  be  placed  in  intimate  contact  with  the 
phosphor  due  to  the  very  low  beta  energy  of  tritium.  The  oxide  can 
also  be  formed  very  slowly  by  oxidation  or  exchange  with  hydrogen  in 
water  vapor  if  the  tritium  gas  is  released  into  the  air  by  breaJcage  of 
the  sealed  container.  The  luminous  container  for  tritium  must  consist 
of  a  transparent  material;  glass  appears  to  be  the  best  choice. 

Coffin,^-  of  Dos  Alamos,  reported  at  the  11th  Health  Physics  Society 
Meeting  that  plastic  materials  act  as  a  ''reactor  ir.  which  tritium  gas 
is  transformed  into  HTO  vapor" .  Furthermore  he  states  that  the  HTO 
can  diffuse  through  the  plastic  at  least  100  times  faster  than  the  tri¬ 
tium  gas.  All  of  the  gaseous  devices  reported  or.  in  this  presentation 
contained  the  tritium  (and  phosphor,  when  present)  heat-sealed  in  glass. 
The  diffusion  rates  of  tritium  through  glass  have  been  calculated  and 
are  considered  unimportant  at  room  temperatures. 

The  conversion  of  "pure"  tritium  to  tritium  oxide  due  to  both 
oxidation  and  exchange  with  water  vapor  has  already  been  investigated. 
Dorfman,  using  pure  reactants  and  a  mass  spectrometer,  has  studied 
the  reaction  between  HT  and  Og  relatively  high  tritium  concentra¬ 
tions,  and  found  that  the  initial  rate  was  directly  proportional  to 
the  tritium  gas  pressure  with  a  first  order  reaction  rate  constant  of 
1.2  X  10_1<  min.’1.  This  means  that  any  given  concentration  of  HT  in  0^ 
will  be  half  converted  to  HTO  in  about  96  hours.  Dorfman' s  data  are 
for  HT  and  not  Tg  which  should  be  the  initial  form  of  the  tritium  in 
the  lum  devices  in  this  investigation.  If  the  beta  energy  effects 
are  similar  to  those  observed  for  X-raya^-3  the  reaction  rate  for  T2 
could  be  faster,  but  probably  would  not  be  greater  than  twice  the  HT 
value.  Therefore,  the  half  life  for  the  tritium  exchange  would  still 
be  about  h3  hours. 

Casaletto  et  al^  have  studied  the  oxidation  of  tritium  at 
lower  tritium  concentrations  and  in  atmospheres  of  Og  and  dry  air. 

Second  order  reaction  rate  constants  of  1.2  X  10" 3  ml/raCi  hr  in  02  and 
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0.62  X  10“3  ml/nCi  hr  in  dry  air  were  determined.  These  rate  constants 
apply  to  tritium  concentrations  from  1  X  10“^  nCi/al  to  1  nCl/ml. 

Ti.s  Investigation  of  Casaletto  et  al ^  also  included  a  study  of 
the  reaction  rateb  dependence  on  the  partial  pressure.  The  reaction 
rate  was  unaffected  even  when  no  oxygen  was  initially  added.  Apparently 
the  tritium  is  capable  of  reacting  with  snail  concentrations  of  oxygen 
present  as  impurities.  The  investigation  also  shewed  an  increase 
by  a  factor  of  approximately  three  in  the  reaction  rate  due  to  the 
presence  of  water  vapor.  Reactions  with  ordinary  atmospheric  air  were 
generally  the  same  as  with  dry  air. 

Yang  and  Gevantman, 13  using  pure  reactants,  &  rather  involved 
condensation  procedure  for  trapping  out  the  HTO,  and  a  liquid  scin¬ 
tillation  spectrometer  for  counting  the  tritium,  have  studied  the 
isotopic  exchange  between  tritium  and  water  vapor.  A  second  order 
reaction  rate  constant  of  1.5  X  10“  3  ml/mCi  hr  was  determined. 

Reaction  half  life  times  are  shown  in  Figure  2  for  both  the  oxidation 
rates  of  C&aaletto  et  al  and  the  exchange  rate  of  Yang  and  Gevantman. 
Also  included  in  Figure  2  is  the  first  order  reaction  rate  data  of 
Dorftaan  which  applies  to  the  case  of  a  relatively  high  initial  tritium 
concentration.  The  continuous  lines  represent  the  regions  actually 
investigated;  the  dashed  lines  are  extrapolations. 

Although  the  reaction  half-life  times  are  negligible  for  large 
volumes  (or  low  tritium  concentrations),  such  as  the  case  in  the  event 
of  the  breakage  of  a  capsule  containing  a  few  milli curies  in  a  room,  it 
should  be  noted  from  Figure  2  that  where  relatively  high  tritium 
concentrations  occur  and  assuming  the  presence  of  an  oxidizer,  the 
conversion  to  HTO  or  T20  can  be  expected. 

The  present  investigations  have  been  directed  primarily  toward 
a  determination  of  the  fraction  of  the  total  tritium  activity  which 
should  reasonably  be  considered  tritium  oxide  in  the  event  of  accidental 
breakage  of  the  glass  capsule  in  ordinary  air.  The  activity  per  capsule 
may  range  from  10"  3  to  10  Curies.  A  single  piece  of  military  equipment 
may  contain  numerous  capsules.  jj, 


REACTION  HALF-LIFE  TIME  (HRS) 


I.  TRITIUM  CXCMANAC  WITH  WATER  VAPOR  (YANA  AND  KVANTMAN). 

*.  TRITIUM  OXIDATION  IN  OXYOEN  (CASALETTO,  ET  ALL 
5.  TRITIUM  OXIDATION  IN  DRY  AIR  (CAULCTTO,  ET  ALL 
4  TRITIUM  CONCENTRATION  AS  EXTRAPOLATED  FROM  OORFMAN't  DATA. 


Figure  2.  Reaction  Holf-Life  Time  for  the  Formation  of  Tritium  Oxide. 


B.  Experimental  Procedure  a 

The  method  of  collecting  the  ftTO  or  TgO  in  our  present  investi¬ 
gations  consisted  of  a  staple  "freeze  out"  system.  The  apparatus  is 
Shown  in  Figure  3  and  a  schematic  in  Figure  U.  A  luminous  capsule  was 
mounted  on  the  capsule  holder  and  positioned  in  the  all- glass  Test 
Chamber  under  controlled  ambient  conditions.  Possible  contaminants 
in  the  Test  Chamber  ( m  700  cc)  included  rubber  "0"  ring  seals  used 
around  the  haunter  and  capsule  holder,  silicone  grease  used  for  main¬ 
taining  the  vacuum,  epoxy  used  for  positioning  the  "0"  rings,  and 
in  some  cases  a  cellulose  nitrate-base  cement  for  holding  the  capsule. 

The  luminous  capsule  was  broken  by  striking  the  outside  end  of  the 
movable  banner  which  in  turn  strikes  and  breaks  the  capsule. 

ftrior  to  breaking  the  capsule,  the  system,  excluding  the  Test 
Chamber,  was  evacuated  to  about  10  torr  by  a  fore  pump;  a  glass  bead 
trap  was  placed  between  the  fore  pump  and  the  system.  The  trap  was 
cooled  to  liquid  nitrogen  temperature  and  served  as  a  collector  of 
back-diffusing  hydrocarbon  vapors  from  the  pujqp,  thus  keeping  these 
vapors  from  contacting  the  tritium  system.  Capsules  were  broken  in  the 
presence  of  room  air  and  "dry''  nitrogen.  After  the  desired  reaction 
time  (generally  5  minutes).  Stopcock  V2  was  opened  allowing  the  reaction 
products  to  flow  through  Trap  1  at  room  temperature,  Trap  2  at  liquid 
nitrogen  temperature,  and  into  the  Ballast  (3  X  10^  cc).  Both  Traps 
were  filled  with  glass  beads  to  aid  in  the  trapping  process.  Trap  1 
at  room  temperature  served  as  a  control,  i.e.,  as  an  indication  of 
system  cleanliness;  surface  contamination  due  to  greases  would  readily 
adsorb  tritium. 

Stopcock  Vt  was  left  open  for  3  minutes  to  attain  equilibrium 

conditions.  At  the  end  of  3  minutes  V6  was  opened  to  admit  Ife  to  bring 

Traps  1  and  2  to  within  a  few  millimeters  of  atmospheric  pressure. 

Valve  V2  was  then  closed.  Traps  1  and  2  removed,  and  all  room  temperature 

components  sealed  with  flexible  tubing  pinch-off  clamps.  Trap  2  was 

sealed  at  one  end;  the  other  end  was  connected  to  a  tube  which  ran 

15 

through  a  column  of  about  2k  cm  of  liquid  scintillator  (FOFOP).  The 
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Figure  3.  Photograph  of  the  Tritius  Oxide  Adsorption  Apparatus 


BALLAST 
3  1 10* 


Tritium  Oxide  Adsorption  Apparatus. 
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expanding  gas  from  Trap  2,  as  it  warmed  tack  to  room  temperature,  was 
then  permitted  to  bubble  through  the  POPOP. 

The  remaining  activity  in  the  Traps  was  measured  by  first  "  wetting" 
the  beads  with  10  ml  of  ethanol  followed  with  a  rinse  of  10  ml  of  POPOP. 
The  ethanol  and  POPOP  were  then  poured  into  a  vial  labeled  Rinse  1.  At 
least  two  more  additional  rinses  were  made  with  POPOP.  The  activity 
in  the  vials  was  diluted  as  necessary  and  then  counted  in  a  calibrated 
liquid  scintillation  spectrometer. 

The  tritium  which  reached  the  Ballast,  as  well  as  the  tritium 
remaining  in  the  Test  Chamber,  was  measured  by  flushing  the  tritium 
out  through  a  Tritium  Air  Monitor.  It  was  found  that  the  rate  at  which 
i  the  tritium  was  removed  was  proportional  to  the  amount  present.  A  plot 

|  of  the  tritium  concentration  vs  time  is  shown  in  Figure  5  for  one  of  the 

[  tests.  The  total  activity  was  found  by  extrapolating  to  zero  time  and 

> 

j  then  integrating  the  exponential  function  from  zero  to  infinity.  The 

\  tritium  remaining  in  the  broken  capsule  section  was  also  measured  by 

I  placing  the  broken  sections  in  a  vial  containing  POPOP. 

I 

[  Typical  data  from  all  the  rinses  of  the  cold  and  warm  Traps,  the 

\  Ballast  flush,  the  Test  Chamber  flush  and  the  Capsule  residue  have  been 

t 

tabulated  as  shown  in  Table  I .  Shown  in  Table  II,  is  a  summary  of  the 
j  results.  Luminous  capsules  containing  gaseous  tritium  were  broken  in 

[  atmospheres  of  both  room  air  and  nitrogen. 

C.  Results  and  Discussion 

To  estimate  the  hazards  from  gaseous  tritium  devices  we  assume 
that  the  activity  found  in  the  liquid  nitrogen  trap  (see  *able  II)  is 
due  to  the  "freezing- out"  of  tritium  oxide.  To  substantiate  this 
assumption  we  have  evaluated  the  effect  of  temperature  on  the  adsorption 
of  tritium.  In  this  temperature  dependence  study  three  traps  were  used 
in  series  and  at  different  temperatures.  The  reaction  products  were 
allowed  to  pass  through  first,  a  trap  at  room  air  temperature,  second, 
a  trap  at  a  solid  COg  -  acetone  mixture  temperature,  and  third,  a  trap 
at  liquid  nitrogen  temperature. 
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As  with  the  earlier  tests  &  negligible  amount  of  activity  was  trap* 
ped  out  in  the  trap  at  room  temperature.  From  7  to  8#  of  the  activity 
which  entered  the  trap  at  the  dry  ice  temperature  was  trapped  out  while 
only  about  1$  was  trapped  out  in  the  trap  at  the  liquid  nitrogen  temper¬ 
ature.  Although  7  to  6$  of  the  activity  trapped  out  at  the  dry  ice  tem¬ 
perature  was  less  than  that  for  any  of  the  5  runs  in  room  air,  as  sum¬ 
marized  in  Table H  ir  which  only  a  liquid  nitrogen  cold  trap  was  used, 
this  variation  might  well  be  due  to  a  variation  among  different  types  of 
tritium  devices.  The  luminous  capsule  used  in  the  dry  ice  run  was  sup¬ 
plied  by  the  same  company  as  were  those  used  in  the  earlier  tests  but 
was  of  a  different  configuration  .and  contained  a  different  "nominal" 
amount  of  activity.  Thus  we  feel  that  the  results  of  this  test  show 
that  first,  adsorption  of  pure  tritium  in  the  liquid  nitrogen  traps  is 
negligible  (this  is  to  be  expected  since  the  critical  temperature  for 
tritium  is  probably  within  a  few  degrees  of  the  critical  temperature  of 
hydrogen  which  is  33°K),  and  second,  the  possibility  of  a  weak  van  der 
Wa&ls'  catalytic  reaction  caused  by  adsorbed  surface  impurities  is  also 
probably  of  minor  concern,  again,  as  indicated  by  the  relatively  small 
amount  of  activity  recovered  from  the  liquid  nitrogen  trap.  We  therefore 
conclude  on  the  basis  of  all  tests  made  to  date,  that  when  a  luminous 
capsule  containing  tritium  is  broken,  particularly  in  room  air,  a  sizable 
fraction  of  the  total  activity  should  be  considered  to  be  in  the  form  of 
tritium  oxide. 

Unexplained  in  Table  n  is  the  rather  large  amount  of  activity 
trapped  out  in  the  two  tests  with  the  capsules  obtained  from  the  Oak 
Ridge  National  Laboratory.  The  radioactive  purity  of  these  capsules 
was  stated  to  be  initially  greater  than  9 Sf%.  If  our  system  actually 
converts  Borne  tritium  to  the  oxide  form,  then  the  amount  trapped  out 
from  the  Oak  Ridge  Capsules  represents  an  "upper  limit"  correction 
to  the  amount  of  tritium  oxide  recovered  in  the  cold  trap  for  the  tests 
with  the  luminous  capsules.  Taking  this  in  to  account  and  averaging 
the  activity  recovered  from  the  cold  traps  from  the  room  air  tests 
with  the  luminous  capsules,  we  still  find  that  at  least  25-30%  of  the 
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total  activity  released  should  be  considered  as  tritium  oxide. 

The  initial  purity  at  the  time  of  breakage  of  the  luminous  capsules 
can  also  be  estimated  following  the  above  procedure  for  those  capsules 
broken  in  a  nitrogen  atmosphere.  For  the  three  capsules  tested,  we 
find  that  the  amount  of  tritium  oxide  initially  present  may  range  from 
a  negligible  amount,  i.e.  about  the  same  as  the  Oak  Ridge  capsules,  to 
as  much  as  19£  (Test  9) • 

Tests  to  date  have  been  limited  to  capsules  containing  only  small 

amounts  (  ~  10  mCi)  of  tritium.  Extrapolating  our  present  data  to  the 

curie  level  tritium  capsule  we  nay  estimate  the  maximum  radiological 

hszsrd  to  be  expected  on  the  basis  of  the  values  given  by  Lawrence 

et  al°  for  the  maximum  permissible  Intake  (MPI)  for  a  single  acute 

exposure.  Assuming  that  the  breakage  of  &  curie  capsule  releases  about 

100  mCi  of  tritium  oxide  in  a  small  volume  of  several  cubic  meters 

(  ~  2  X  103  liters),  such  as  in  a  small  military  vehicle,  we  may  use 
7 

Osborne's  results  to  calculate  the  dose.  Using  an  average  value  from 

his  results  for  unprotected  subjects  of  15  |iCi/min  per  >*Ci/l,we  obtain 

an  Intake  rate  of  about  750  uCi/min.  Of  course,  this  would  not 

continue  for  very  long  since  our  initial  average  concentration  would  be 

only  about  50  nCi/l.  In  several  hours  it  might  be  expected  that  our 

subject  might  assimilate  a  maximum  of  some  50  irCi  of  the  total  1  curie 

0. 

released.  Although  this  value  appeals  quite  high,  Donth  and  Maushart 
have  reported  an  intake  of  up  to  10^  of  total  tritium  activity  in  an 
incident  at  the  Karlsruhe  Nuclear  Research  Cente-  Involving  the  produc. 
tion  of  luminous  paint.  According  to  Lawrence  et  al  a  single  acute 
intake  of  15  mCi  tritium  will  give  a  dose  of  5  rem  in  one  year. 

Brodsky  and  Beard  have  estimated  that  a  single  intake  of  about  50  mCi 
of  tritium  oxide  will  give  about  5  rem  to  the  whole  body  within  cne  year. 
Thus,  on  the  basis  of  Lawrence's  study  and  our  present  results,  we  might 
anticipate  maximum  exposures  of  10  rem  or  more  from  accidents  involving 
multicurie  gaseous  tritium  luminous  devices  in  confined  areas. 
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III.  PROMETHIUM  DEVICES 
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A.  Introduction 

147 

The  Pa  luminous  devices  which  were  studied  were  fabricated  by- 
two  different  methods.  Type  I  consisted  of  imbedded  in  ceramic 

microspheres,  mixed  with  a  phosphor,  and  contained  in  a  glass  capsule. 

Type  II  consisted  of  ^*^Pm  and  a  phosphor  incorporated  in  a  plastic  rod. 
The  primary  purpose  of  the  present  study  was  to  estimate  the  relative 
potential  assimilation  hazards  between  the  two  types  in  the  event  of  an 
accident.  Wipe  tests  between  the  two  types  indicated  no  removable 
activity  for  the  Type  I  capsule.  For  the  Type  II  capsule  the  removable 
activity  exceeded  0.001  ud  for  all  the  rods  investigated. 

B.  Experimental  Procedures 

The  luminous  devices  were  broken  by  two  different  procedures: 

(l)  the  capsule  or  rod  was  held  with  a  pair  of  pliers  and  sheared  with 
a  second  pair  of  pliers,  one  fragment  of  the  broken  capsule  or  rod  was 
then  crushed  with  a  pair  of  long  nose  pliers;  and  (2)  the  entire  capsule 
or  rod  was  crushed  with  a  pair  of  pliers  to  produce  a  larger  number  of 
smaller  particles  than  obtained  from  the  first  procedure.  In  both 
tests  the  device  was  immersed  in  100ml  of  distilled  water  while  it  was 
broken.  The  fragments  from  each  of  the  broken  capsules  and  rods  were 
subjected  in  succession  to  a  water  immersion  test,  a  gastric  juice  test,  ^ 
and  a  concentrated  hydrochloric  acid  test.  Test  conditions,  including 
immersion  times,  are  shown  in  Table  HC.  The  capsules  are  immersed  in 
the  test  liquid  which  was  contained  in  a  Buchner  type  disc  funnel  as 
shown  in  Figure  6.  At  the  end  of  the  immersion  period  the  liquid  was 
pulled  through  the  funnel  by  an  aspirator.  The  nominal  maximum  pore 
size  diameter  of  the  funnel,  as  given  by  Corning  Glass  Works,  is  0.9 
to  1.4  The  soak  with  the  test  liquid  was  followed  by  at  least  two 
rinses  to  reduce  the  effects  of  cross  contamination  between  successive 
liquids.  A  new  funnel  was  used  for  each  fracture  test.  The  test 
liquid  and  rinses  were  sampled  for  activity  by  evaporating  a  known 
amount  on  a  planchett  and  measuring  the  rctivity  with  a  wide  0  type 
instrument. 


The  estimated  total  activity  leached  by  the  three  test  liquids  is 

given  in  Table  QL  The  reaoval  of  the  distilled  v&ter  from  the  initial 

soak  served  to  eliminate  most  of  the  smaller  fragments  from  passing  thru 

the  filter  during  the  gastric  juice  and  concentrated  hydrochloric  acid 

tests.  The  second  breakage  test  shoved  an  increase  in  activity,  as 

expected  because  of  the  additional  crushing,  for  all  test  conditions 

for  the  device  with  microspheres.  The  distilled  vater  test  arid  the 

concentrated  hydrochloric  acid  test  for  the  Type  II  rods  with  the  ^^Pm 

and  phosphor  in  plastic  shoved  an  unexpected  decrease.  In  the  plastic 

device*  during  the  distilled  water  test,  a  yellow  substance  formed  on 

the  unfiltered  side  of  the  funnel;  conceivably  this  substance,  possibly 
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the  phosphor,  stay  have  inhibited  the  Pm  from  passing  through  the 
funnel.  Blocking  of  the  filter  also  occurred  during  the  acid  test. 

The  microspheres  vere  examined  for  possible  fracture  and  particle 
size.  The  top  surface  of  the  Buchner  filter  used  for  the  Type  I  leach 
test  was  swabbed  vith  a  glass  slide  coated  with  optical  grade  oil. 

The  slide  was  mounted  on  a  microscope  and  examined  for  round  objects. 
Figure  7  shows  two  round  objects  and  two  or  three  curved  segments  sug¬ 
gesting  they  vere  broken  from  a  round  object.  If  the  spheres  vere  broken, 
there  probably  were  broken  particles  sufficiently  small  to  pass  through 
the  filter.  However,  these  smaller  particles  would  have  been  eliminated 
after  the  initial  rinses  with  distilled  water  and  would  not  have  inter¬ 
fered  with  the  activity  leached  from  the  gastric  juice  test.  Figure  7 
shows  a  second  picture  of  one  isolated  round  object.  The  approximate 
diameter  of  the  round  objects  for  both  pictures  is  30  u. 

C.  Results  and  Discussion 

The  amount  of  activity  leached  from  the  fractured  devices  repre- 
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sents  an  indication  of  the  maximum  level  of  Rn  which  is  available 

for  assimilation  by  the  body  following  fracture,  such  as  grinding, 

chewing,  etc.,  and  subsequent  swallowing.  The  fraction  assimilated 
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Into  the  total,  body,  according  to  ICRP  Publ.  2,  is  10  .  Therefore, 

to  estimate  the  percentage  of  the  original  capsule  activity  assimilated 
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Figure  7.  Round  Objects  Photographed  from  a  Swab  of  the 
Buchner  Funnel  Containing  Microepheres .  The 
approximate  diameter  in  both  pictures  is  30u. 


29 


into  the  body,  the  percentage  leached  by  the  gastric  juice  as  shown  in 
Table  III  should  be  multiplied  by  10* The  adjusted  percentage  assimi¬ 
lated  values  are  also  sh.  .a  in  Table  III. 
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An  additional  Indication  of  the  amount  of  Bn  which  might  be 
assimilated  can  be  obtained  from  an  extrapolation  of  studies  perforated 

IQ 

with  rats  at  the  Southern  Research  Institute  .  Rats  were  forcu  fed 
microspherea  encapsulated  in  gelatin.  The  microspheres  are  similar  to 
the  Type  I  capsules  described  above.  The  entire  capsule  reached  the 
stomach  where  the  gelatin  rapidly  dissolved.  The  animals  were  sacri¬ 
ficed  at  various  times  as  shewn  in  Table  17  and  examined  for  activity. 

The  alimentary  tract  was  Intentionally  excluded  from  the  carcass. 
Activity  found  in  the  carcass  and  urine  represent  a  measure  of  the 
activity  actually  absorbed  in  the  body,  even  if  only  temporarily  as  in 
the  case  with  urine,  while  most  of  the  residue  activity  remaining  in 
the  alimentary  tract  should  still  be  eliminated.  This  was  the  case 
with  the  two  animals  sacrificed  at  96  hours  where  the  activity  found 
in  the  alimentary  tract  was  only  5  -  7  %  of  that  found  in  the  carcass 
plus  urine.  Animal  No.  k  revealed  an  activity  substantially  higher 
than  the  other  anima.  s  which  may  have  been  due  to  slight  hemorrhaging 
lnmdlately  after  being  force  fed  the  capsule. 
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It  is  assumed,  following  the  SRI  report,  7  that  nan  would  absorb 
about  the  same  percentage  of  ^^Rn  as  would  a  rat.  Although  such  an 
estimation  is  admittedly  crude,  the  results  are  of  interest.  Given  in 
Table iy  are  the  percentages  of  original  activity  which vee  obtained  in 
the  carcass  plus  urine.  These  figures,  considering  Animal  No.  U  as 
abnormal,  represent  a  rough  order  of  magnitude  agreement  with  the 
percentage  assimilates  values  given  under  Type  I  in  Table  III. 

Since  the  fracture  tests  undoubtedly  involved  broken  microspheres 
as  revoaled  in  Figure  7,  a  lower  absorbed  activity  from  the  rat  studies 
would  appear  reasonable.  A  comparison  of  data,  however,  between  the  two 
sets  of  experiments  does  not  support  this  hypothesis. 

To  evaluate  the  assimilation  hazard  of  ^*^Rn,  assume  that  a  300  mCi 


Table  IV.  Activity  Data  Taken  From  Southern  Research  Institute  Report'* 'On  Microspheres  With  Data  Reduced 
for  Comparison  With  Activity  Leached  Fran  the  Broken  Pm-l47  Radioactivated  Luminous  Devices 


Ra  luminous  source  of  the  type  now  avsil&ble  is  completely  crushed 
and  10)1  is  ingested,  admittedly  a  rather  remote  possibility.  The  amount 
of  activity  assimilated  based  on  the  above  results  would  represent  an 
average  of  7  X  10'^  of  the  Ingested  activity,  or  about  0.2  uCi.  From 
the  ICRP  Publ.  2,  about  35$  of  this  amount  would  end  up  in  the  criti- 
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cal  organ,  the  bone.  Since  thi  maximum  body  burden  for  Rn  in  the  bone 
is  69  uCi,^  then  the  activity  in  the  bone  would  be  of  no  biological 
consequence. 

Of  more  concern  in  the  present  ingestion  studies  is  the  dose 

equivalent  to  the  0.  I.  tract  based  on  a  single  ingestion.  From  the 
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model  for  the  0.  I.  tract,  a  single  ingested  intake  of  about  600  uCi 

would  deliver  7-1/2  rem  to  the  critical  organ,  the  lower  large  intestine. 

This  value  for  an  MPI  compares  with  a  calculated  value  taken  from 

Brodsky  and  Beard1^  of  500  i*Ci  in  the  G.  I.  tract  to  give  5  rem  in 
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1  year.  Tracerlah  has  also  examined  the  dose  to  the  lower  large 
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intestine  due  to  the  passage  of  one  0.1  pCi  Ra  u sphere.  A  dose  of 
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0.88  miUlrem  per  0.1  i*Ci  of  Ra  was  calculated.  The  600  uCi  MPI 
estimated  in  the  present  study  implies,  based  on  the  Tracerlab  study, 
a  total  dose  to  the  lower  large  intestine  of  about  3.3  rem.  These  small 
differences  in  the  calculated  doses  are  not  important . 

The  accident  considered  above  involving  the  ingestion  of  10$  of  a 
300  aCl  luminous  source  would  therefore  exceed  the  MPI  by  a  factor  of 
50.  It  is  therefore  conceivable  that  the  MPI  (for  the  dose  to  the  G.  I. 
tract)  could  well  be  exceeded  due  to  the  partial  ingestion  of  either  of 

l47_ 

the  two  types  of  1  Rn  devices  considered. 

When  inhalation  is  present,  which  is  probably  not  important  for 
the  Type  I  microspheres  because  of  their  size,  then  the  fraction 
accumulated  in  the  critical  organ  (bone)  is  given  by  Brodsky  and  Beard^ 
as  9$.  The  activity  required  to  give  5  rem  to  the  critical  organ  within 
one  year,  and  based  on  inhaling  soluble  material,  is  only  l8l  pCi.^ 

The  dose  to  the  lungs  should  also  be  Investigated  if  inhalation  is 
suspected.  As  an  illustration,  consider  the  Ra  particles  to  be 
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insoluble  and  to  vary  In  diameter  from  1.0  microns  to  50  microns.  For 
1  micron  diameter  particles  about  25$  would  be  expected  to  end  up  in 

pulmonary  regions  of  the  lung,  while  at  50  microns  the  amount  deposited 

2k 

would  have  dropped  to  about  3$.  The  required  insoluble  activity 
inhaled  to  give  a  dose  of  5  rem  per  year  to  the  lung  is  about  80  |iCi1!^  . 
Assuming  only  10$  is  deposited  in  the  pulmonary  regions  (such  as  the  case 
for  a  20  micron  diameter  particle),  then  800  nCi  would  have  to  be  inhaled 
to  give  a  5  rem  dose  to  the  lung. 

Due  to  the  more  easily  removable  surface  activity  of  the  Type  II 

device  (Section  3*l)»  it  is  obvious  that  the  Type  II  device  presents  a 

greater  potential  contamination  hazard,  although  the  possibility  of 

this  removable  surface  activity  reaching  a  critical  organ  in  significant 

amounts  is  still  relatively  low.  For  example,  from  the  handling  of  one 

Type  II  capsule,  at  least  0.005  nCi  could  be  removed,  which,  of  course, 

exceeds  the  limit  set  for  removable  surface  activity.  Of  this,  up  to 

25$  could  be  assimilated  due  to  inhalation  while  only  approximately 
_2 

1  X  1C  $  could  be  assimilated  by  ingestion. 

IV.  CONCLUSIONS 

The  maximum  hazards  to  user  personnel  due  to  acute  exposures  to  an 
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accidental  breakage  of  a  tritium  or  a  Pm  luminous  device  have  been 
estimated  in  terms  of  maximum  permissible  intakes  (MPI),  and  our  evalu¬ 
ation  of  the  activity  available  for  assimilation.  These  hazards  have 
been  summarized  in  Table  V.  The  figures  given,  of  course,  can  only  be 
regarded  as  rough  approximations.  Each  potential  hazard  which  might 
arise  should  be  considered  separately  whenever  possible.  For  example, 
the  hazards  due  to  the  release  of  tritium  will  depend  on  the  individual's 
position  relative  to  the  point  of  tritium  release,  convection  currents, 
the  time  of  exposure  and  the  amount  of  tritium  oxide  present.  For  these 
reasons,  one  of  the  more  hazardous  locations  for  an  accident  would  be  in 
a  small  military  vehicle  as  was  described  in  Section  2.3.  This  accident 
assumed  the  breakage  of  a  ^  Ci  tritxura  capsule,  but  as  indicated  in 
Table  V  luminous  capsules  containing  tritium  are  now  available  with 
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activities  up  to  10  Ci.  Tne  accidental  release  of  activity  from  this 
larger  source  in  a  confined  area,  of  course,  would  lead  to  a  correspond¬ 
ingly  greater  dose. 

It  is  found  that  the  amount  of  tritium  oxide  released  from  the 
breakage  of  tritium activated  luminous  capsules  in  room  air  can  be  as 
high  as  30%.  This  result  should  not  be  considered  typical  of  all  tritium 
filled  luminous  capsules.  Only  one  type  was  investigated  in  the  present 
report.  Conceivably,  tritium  activated  luminous  capsules  originating 
from  different  fabrication  procedures  might  result  in  a  smaller  hazard. 
Also,  with  respect  tc  confirmation  studies,  it  would  be  highly 
desirable  to  have  an  independent  and  more  direct  experimented  determin¬ 
ation  of  the  amount  of  tritium  oxide  released. 

Also  shown  in  Table  V  is  a  summary  of  the  hazards  concerning 

1U7 

ingestion  and  inhalation  of  ftn.  Of  most  importance  from  the  stand¬ 
point  of  an  accident  would  be  the  ingestion  of  a  capsule  and  the  result¬ 
ing  dose  to  the  LLI.  Although  actual  ingestion  may  appear  as  a  rather 
remote  possibility,  past  experience,  along  with  a  wide  distribution  of 
sources,  points  to  an  ever  increasing  likelihood  that  a  capsule  will 
find  its  way  into  the  food  supply. 

Minimizing  potential  radiological  hazards  and  contamination 
problems  is  always  emphasized  from  the  health  physicist's  viewpoint. 

Thus,  the  efficiency  of  the  light  output  per  naximum  hazard  for  the 
intended  application  should  be  used  as  the  ultimate  criteria  for 
selecting  a  particular  device.  Other  selection  criteria  of  lesser 
importance  include  the  sources'  surface  contamination,  physical  integrity 
or  strength  characteristics,  and  uniformity  between  sources.  The  last 
two  factors,  involving  the  fields  of  mechanical  and  quality  control 
engineering,  and  although  not  the  immediate  concern  of  the  health 
physicist,  should  nevertheless  be  examined  in  detail.  The  basis  for  a 
radiological  accident  would  certainly  exist  during  the  insertion  of  an 
irregularly  shaped  capsule  into  a  recessed  receptacle.  Among  the 
smaller  tritium  activated  luminous  capsules,  numerous  irregularly  shaped 


capsules  have  been  observed  where  apparently  quality  control  difficulties 
been  encountered  in  forming  a  well-rounded  uniformly  shaped 
sealing  end. 
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'The  hazards  associated  with  tritium  and  ^  activated  luminous  devices  are  considers 
The  primary  hazard  of  tritium  is  due  to  the  amount  of  tritium  oxide  which  may  be 
present.  Eleven  capsules  were  investigated  for  initial  tritium  purity  and  also 
for  the  amount  of  oxide  that  may  be  released  in  the  event  of  an  accidental  breakage 
in  room  air.  It  was  found  that  as  much  as  },Cf.  of  the  activity  may  be  in  the  oxide 
form.  The  primary  hazard  of  1  is  that  of  ingestion  and  the  resulting  dose  to 
the  LLI.  An  examination  of  a  reasonable  hypothetical  radiological  accident 
indicated  that  a  dose  exceeding  5  times  the  maximum  permissible  intake  could  be 
received  from  either  a  tritium  or  a  'Rn  luminous  capsule. 


**v  ••••• 


Health  Physics 

Radiological  Hazards 

R&dioactivated  Luminous  Devices 

Tritium 

Tritium  Oxide 

Promethium- 147 


